Historic data from the Russian-American Hydrochemical Atlas of Arctic Ocean together with data from the TRANSDRIFT II 1994 and TUNDRA 1994 cruises have been used to assess the spatial and inter-annual variability of carbon and nutrient fluxes, as well as air-sea CO 2 exchange in the Laptev and western East Siberian Seas during the summer season. Budget computations using summer data of dissolved inorganic phosphate (DIP), dissolved inorganic nitrogen (DIN) and dissolved inorganic carbon (DIC) gives that the Laptev Sea shelf is a net sink of DIP and DIN of 2.5 Â 10 6 , 23.2 Â 10 6 mol d À1 , respectively, while it is a net source of DIC (excluding air-sea exchange) of 1249 Â 10 6 mol d
Introduction
Climate change is a reality and the Arctic region is where it was first manifested. The summer sea ice cover has decreased at an average rate of about 3% per decade during the 1980s and 1990s (e.g., Johannessen et al., 1995; Cavalieri et al., 1997) , the sea ice volume shows a trend of À4% per decade (e.g., Rothrock and Zhang, 2005) , and the average annual discharge of fresh water from the six largest Eurasian rivers to the Arctic Ocean increased by 7% from 1936 to 1999 (Peterson et al., 2002) . All these changes have an impact on the marine climate and also on the cycling of nutrients and carbon, both directly and also through changes in the conditions affecting biological transformations. The Siberian shelf seas, like the Laptev Sea and East-Siberian Sea, are especially influenced by these changes as they experience seasonal ice coverage as well as receive large discharge volumes.
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www.elsevier.com/locate/csr 0278-4343/$ -see front matter r 2007 Elsevier Ltd. All rights reserved. doi:10.1016 All rights reserved. doi:10. /j.csr.2007 With one of the driving forces of climate change being the increasing load of CO 2 to the atmosphere it is essential to assess feedbacks to this load. About 40% of the emitted anthropogenic CO 2 is taken up by the ocean, but this number is still uncertain and how changes in climate might affect it is only rudimentary known. Changes in the seasonal ice cover, timing as well as magnitude, within the Arctic Ocean and in the magnitude of the discharge to the Arctic Ocean will likely affect the air-sea CO 2 flux substantially. One of the key questions related to possible modifications in such fluxes by climate change is the strength of natural variability.
This work evaluates historic data to assess variability in the strength of biological transformation as well as air-sea CO 2 flux in the Laptev and East-Siberian Seas Shelf. A two-layer box model is applied assuming steady state, but with the data coverage only allowing us to perform the computations for the summer season when both sea ice melt and runoff has contributed substantially to freshening of mainly the surface layer. However, the residence time of the surface water has been estimated to about 3 years using 18 O (Schlosser et al., 1994) and, therefore, the computed exchange of seawater with the surroundings should be fairly robust.
Study area
The Laptev and East-Siberian seas are located in the middle of the Siberian shelf (Fig. 1) . Geographically, the largest parts of these seas are located over the shallow shelf, and the smallest parts occupy the continental slope and deep basin. There are a few underwater valleys, highlands and banks on the shelf. The mean depth of the Laptev and EastSiberian seas shelf is less than 50 m. The bottom topography influences the water circulation (Ipatov and Yakovlev, 1999; Baskakov et al., 1999) with the bottom depressions characterized by high sedimentation rates (Thiede et al., 1999) and stagnant water conditions (Pivovarov and Smagin, 1995) .
The Laptev and East-Siberian seas are considered as the most harsh shelf seas of the Arctic Ocean because of the high latitude and the remoteness from the Atlantic and Pacific Oceans (Danilov et al., 1994) . Air temperatures over the seas are characterized by great seasonal fluctuations (The Atlas of the Arctic, 1985) . From October to June, the Laptev and East-Siberian seas are covered by sea ice of various thicknesses and ages, but with a more or less permanent flaw lead polynya in the Laptev Sea. The seas are regions with one of the highest net ice production rates in the Arctic Ocean (Zakharov, 1996) . Ice conditions influences the physical and chemical properties of water masses and they are an important component of the Arctic seas ecosystem (Nikiforov and Shpaicher, 1980; Rusanov et al., 1979; Thiede et al., 1999) . Ice melting begins at June-July and in August-September there are large areas of open water. The average volume of sea ice melt for the Laptev Sea is approximately 800 Â 10 9 m 3 per summer (Zakharov, 1996) . Many small and some large rivers enter into the Laptev and East-Siberian seas. The Lena River is the largest, with an annual discharge of about 525 Â 10 9 m 3 . The annual inflow of fresh water runoff into the Laptev Sea is approximately 745 Â 10 9 m 3 and about 250 Â 10 9 m 3 into the EastSiberian Sea (Gordeev et al., 1999) . There is a large seasonal variability with approximately 90% of the total annual runoff from June till September (Bryzgalo and Ivanov, 2000) .
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The oceanic circulation pattern in these seas is complex and variable, a result of the temporal fluctuations of river discharge and wind pattern. Changes in the prevailing wind direction lead to a restructure of the water circulation pattern, in accordance with water density, seabed topography and carioles effect. The mean velocities of the currents are very low (about 2 cm s À1 ) with some calm zones (Ipatov and Yakovlev, 1999; Baskakov et al., 1999) . However, there is a general flow along the coast towards the east, from the Laptev Sea through the East Siberian Sea and into the Chukchi Sea.
The water column can be divided into three vertical layers: surface, intermediate, and bottom, comprising separate water masses. These water masses have different temperature, chemical and biological properties. Fig. 2a shows a typical salinity profile from the Buor-Khaya bay and Fig. 2b shows the vertical scatter of salinity in the western East Siberian Sea. The more complex view of the Laptev Sea is illustrated in Fig. 2c .
The nutrient distributions and variability are related to biological cycles, river inflow, water mass advection from the Arctic Basin and adjacent seas, as well as hydrological conditions. More than 119 species of phytoplankton have been found in the Laptev and East-Siberian seas, dominated by diatom assemblages (Tuschling, 2000) . Primary production is one of the main characteristics of the phytoplankton lifecycle and it ranges from 75 to 640 mg C m À3 for 24 h in the Buor-Khaya Gulf (Tuschling, 2000) . Within the Laptev Sea the observed primary production over 24 h varies from 40 to 90 mg C m À3 in the East, from 24 to 41 mg C m À3 in the West, and from 115 to 154 mg C m À3 in the North near the continental slope and ice edge (Sorokin et al., 1993; Gleitz and Grossmann, 1997; Tuschling, 2000) . Phytoplankton biomass values within the Laptev Sea vary between 200 and 1500 mg m À3 (Gleitz and Grossmann, 1997; Tuschling, 2000) .
The coastlines of the Laptev and East-Siberian seas are almost uninhabited. There are a few small settlements, with a total population not exceeding 10 000 people. The catchments area of the rivers is located in the territory of the Yakutia (Saha) republic, in which a few towns (Yakutsk, Lensk, Tiksi) are located along the middle and upper Lena River, but the population density is low.
Four regions, Buor-Khaya Bay, Buor-Khaya and Yana Bays, Laptev Sea Self and western part of East-Siberian Sea Shelf, were selected in this study of the Siberian shelf system (Fig. 1) . Historic data from these regions allow an assessment of the temporal and spatial variability in carbon and nutrient fluxes. The meteorology, hydrology and chemistry condition of these regions are given in Table 1 , and with the average concentrations of salinity and chemistry in the different regions of the Laptev Sea Shelf in Table 2 .
Material and methods

Data
The data used in this work is from the RussianAmerican Hydrochemical Atlas of Arctic Ocean (Colony et al., 2002) , complemented by data from the specific cruises TRANSDRIFT II 1994 (Thiede et al., 1999) and TUNDRA 1994 (Olsson and Anderson, 1997) . Average data of relevant parameters as observed in some regions of the Arctic Shelves in summer 1994 are presented in Table 1 . The data from the TUNDRA 1994 and TRANS-DRIFT II 1994 expedition includes the most parameters and where thus were used to study the spatial variability. The Russian-American Hydrochemical Atlas of Arctic Ocean (Colony et al., 2002) covers a long time period (but without any DIC values) and was used to study the temporal variability (Table 2 ). For the study of both the temporal and spatial variability, average salinity of the bottom and surface layers in the Laptev Sea Shelf, Buor-Khaya and Yana bays area and BuorKhaya bay were collected from the AARI Data Base. The locations of the oceanographic stations are showed in Fig. 3 .
Annual summer data (July-September) of evaporation and precipitation from The Atlas of the Arctic (1985) and annual volumes of river runoff and ground water for summer (July-September) (Gordeev et al., 1999; Bryzgalo and Ivanov, 2000) was used to compute carbon and nitrogen fluxes.
Methods
A detailed description of the methodology of budget studies in coastal systems is described at the website of the International LOICZ (Land-Ocean Interaction Coastal Zone) programme (http:// www.loicz.org) and in David et al. (2000) and Gordon et al. (1996) . In this work the two-layered LOICZ model (Gordon et al., 1996) was applied to calculate nutrient and carbon fluxes, with the model constrained by water and salt budgets (Fig. 4) .
The model is based on that: (i) A freshwater inflow (V R ) (equalling the sum of river runoff V Q , ground water discharge V G , precipitations V P , minus evaporation V E ) is added to the surface layer. (Nitishinsky et al., 2003) .
deep layer across the open boundary to the outside ocean. (iii) A corresponding flow (V D 0 ) into the surface layer, and (iv) a flow across the open boundary out to the outside ocean from the surface layer (V S ) that equals the inflows V R +V D 0 to this layer. Finally, the salt budget of the two layers is balanced by a vertical mixing flux (V Z ) between the surface and deep layers. The boundary between the two layers are chosen according to the hydrological conditions, with the thickness of the surface layer from the sea surface down to the pycnocline and the deep layer is from the pycnocline to the bottom. Any salt flux from erosion of the coastline is neglected.
Using these conditions we end up with the following equations. The water budget of the surface layer equals:
while that of the deep layer equals:
The vertical mixing (V Z ) is not included in the water budgets as it has the same in and out flux for both layers. The salt budget for the surface layer is
where S ShelfÀS is the salinity of the surface layer in the system, S ShelfÀD the salinity of the deep layer, and the other salinities are denoted in accordance with those of the volume fluxes. The salt budget of the bottom layer equals:
All the salinities are known from observations, as are the fresh water influxes of Eq. (5).
Combining Eqs. (1) and (5) gives Eq. (6). Gordeev et al. (1999) ; Bryzgalo and Ivanov (2000) . c TUNDRA 1994 (Olsson and Anderson, 1997) and TRANSDRIFT II (Thiede et al., 1999) expeditions. d Olsson and Anderson (1997) . e The average concentration of all observation period, Hydrochemistry atlas of Arctic Ocean (Colony, et al. 2002) and AARI database. f Annual report of Russia river discharge from 1951 till 1990.
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In the above equations there are two unknowns, V D 0 andV Z , which can be expressed in known parameters according to Eqs. (7) and (8).
and
The above equations assume conservation of mass and salt, i.e. steady state.
Having the two unknowns from Eqs. (7) and (8) makes it possible to compute budgets of any conservative constituent. The aim of this contribution is to calculate budgets of dissolved inorganic phosphorus (phosphate) (DIP), dissolved inorganic nitrogen (sum of nitrate, nitrite and ammonia) (DIN) and dissolved inorganic carbon (DIC). Nitrite and ammonia concentrations are normally low in our study area and we thus only use nitrate to compute the DIN budget. DIP, DIN and DIC are ''non-conservative'' constituents, making budgets of these depend on different processes active in the system. For example, phytoplankton controls (Olsson and Anderson, 1997) and TRANSDRIFT II (Thiede et al., 1999) expeditions in the summer of 1994 and (b) from the Russian-American Hydrochemical Atlas of Arctic Ocean (Colony et al., 2002) .
Other processes than primary production might impact the DIP concentration, e.g. particle-water interaction, but these are assumed to be negligible in this evaluation. Information regarding different processes and their magnitude can be obtained by comparing DIP, DIN and DIC budgets and stoichiometric calculations.
To compute the budgets of the elements of interest the individual fluxes are needed, which follow the equations:
where DIP X stands for the dissolved phosphate concentration in the respective source. The equations to compute the DIN and DIC fluxes are similar, but instead use the concentrations of DIN and DIC. Furthermore, they also have a contribution in the precipitation, as illustrated for DIN in Eq. (15).
The net flux out of the shelf system, the surface layer, and the deep layer follow Eqs. (16-18) , respectively, where X denotes the constituents. Note that in the net flux computation of DIP the flux by precipitation equals zero.
If an element is conservative, the net flux equals zero. The non-conservative behaviour of phosphate is mainly a result of biological primary production and decay of organic matter. (Other processes, e.g. interaction with particles are not considered, which might be relevant especially in the river plumes.) The biological primary production and decay of organic matter also affect the nitrate and DIC concentrations, but in addition other processes have significant impact on these constituents. Nitrate is used as electron acceptor when organic matter decays in low oxygen environment (denitrification), and DIC is affected by air-sea gas exchange. The net biological metabolism [pÀd] (production minus decay) can be calculated as
where ÀDDIP equals the observed consumption of phosphate and r C/P is the ratio of carbon to phosphorus in organic matter (e.g. Redfield et al., 1963) . The loss of nitrate by denitrification can be represented by the difference in the expected consumption of nitrate and the observed nitrate consumption (ÀDDIN). The first can be computed from the observed phosphate consumption multiplied by the N:P ratio in organic matter, according to ÀDDIN r N/P . Hence, the loss of nitrate by denitrification, Dnit, is expressed by Eq. (20).
The exchange of CO 2 between the ocean and atmosphere can be evaluated from the sum of DIC fluxes, according to Eq. (21), if steady state is assumed.
ARTICLE IN PRESS F C ADV is the sum of fluxes of DIC with currents, river runoff, etc, F C BIO is the net consumption of DIC by biological processes (production minus decay), and F C airÀsea is the CO 2 air-sea flux. As the F ADV C ¼ ÀDDIC and
The stoichiometric ratios of N:P and C:P used are 16:1 and 106:1, according to Redfield et al. (1963) .
Results and discussion
Inorganic carbon and nutrient fluxes
This section presents the DIC and nutrient fluxes (phosphate and nitrate) in the Laptev Sea Shelf and western part of the East-Siberian Sea Shelf in the summer (from July to September) of 1994 (Figs. 5 and 6). The total influx of nutrient and DIC to the Laptev Sea Self from land in summer is very extensive, 0.56 Â 10 6 mol d À1 of phosphate, 2.7 Â 10 6 mol d À1 of nitrate and 1120 Â 10 6 mol d
À1
of DIC. However, the influx to the Laptev Sea Shelf from the open ocean is much larger than the total influx from the land. It is 4.5 times more for phosphate, 7.7 times more for nitrate and 5.4 times more for DIC (Fig. 5) . The river runoff into the East-Siberian Sea is less than the one into the Laptev Sea as is the fluxes of DIC and nutrient from land and the open ocean. The exception is the flux of nitrate with river runoff, which is larger because the concentration of nitrate is higher in the Indigirka and Kolyma rivers (approximately 3 m mol kg À1 ) compared to the Lena river (1.4 m mol kg À1 ) (Bryzgalo and Ivanov, 2000; Gordeev et al., 1999 and 2400 Â 10 6 mol d À1 , for DIP, DIN and DIC, respectively. The balance of DIC and nutrient, water-atmosphere exchange of CO 2 and calculation of system metabolism on the shelf are shown in Table 3 .
The results of the budget calculations of DIC and nutrients illustrate that the Laptev Sea Shelf and western part of the East-Siberian Sea Shelf are different during the summer season. The surface layers of these regions are net autotrophic and acts as a net sink of nutrient (DDIP and DDINo0;
[pÀd]40). The bottom layers are a net producer of phosphate (DDIP40) and a net sink of nitrate in summer. But the total budget shows that the Laptev Sea Shelf is net autotrophic ([pÀd]40) and western part of the East-Siberian Sea Shelf is net heterotrophic ([pÀd]o0). All regions are weak net denitrifying systems (Dnit40).
The balance of DIC shows that the Laptev Sea Shelf is a net producer of DIC while the western part of East-Siberian Sea (excluding the bottom layer) is a net sink of DIC. This is without considering the air-sea flux of CO 2 . The computed air-sea flux shows a similar pattern, where the Laptev Sea Shelf takes up CO 2 from atmosphere ARTICLE IN PRESS . The latter is likely a result of decreased solubility caused by warming of the surface water. Also the surface water of the Laptev Sea gets warmer during summer, but the draw down of pCO 2 by photosynthetic activity more than compensate for the resulting decrease in solubility. Photosynthesis is larger in the Laptev Sea compared to the East-Siberian Sea (The Soviet Arctic, 1970).
Space variability of DIC and nutrient fluxes and system metabolism in the Laptev Sea
The special variability within the Laptev Sea Self was investigated by evaluating data from three regions, the Buor-Khaya bay, the Buor-Khaya and Yana bays, and the whole Laptev Sea Shelf (Fig. 1) . The concentration of the chemical constituents used where obtained during the international TUNDRA and TRANSDRIFT expeditions in 1994. These and other relevant data are given in the Table 1 . The Buor-Khaya bay has the smallest area and is shallower then the other regions, but it receives about 70% of the total river runoff that enters the Laptev Sea, resulting in the lowest salinity. The strength of precipitation and evaporation within these regions are proportionate to their areas. The Laptev Sea Shelf has the highest salinities because of mixing along the extensive open boundary to Arctic Ocean, and by the inflow of water through the Vilkitsky Strait. The results of the computations for the three regions are given in Table 4 and Fig. 7 .
As shown in Table 4 the balance of DIP and DIN in the Buor-Khaya bay area and Buor-Khaya and ARTICLE IN PRESS Note that negative DDIX fluxes are into of the specific box, while the computed air-sea fluxes of carbon have positive signs into the sea.
Yana bays area are similar, while the Laptev Sea Shelf have a stronger net inflow of DIP (more negative DDIP) and less strong net inflow of DIN (less negative DDIN) compared to the smaller regions. However, all parts of Laptev Sea Shelf have negative DDIP and DDIN and thus act as net sinks of these constituents. The balance of DIC is positive in all areas and increases proportional of their areas. This balance does not include the air-sea flux, which likely is the cause of the positive balance. When only studying the summer season it is difficult to evaluate the balance of these constituents in the surface and bottom layers, respectively, and the cause of these observations. There are at least two reasons for this: one is that the nutrient concentrations are very low in the surface layer (Table 1) giving a large relative error in the balance for a small error in concentration. The other reason is that organic matter produced during the spring season could contribute to the dissolved pool in the summer, but in ratios different from that of the classic Redfield-Ketchum-Richard (1963) . Nevertheless, all three areas have much more negative DDIP and DDIN in the surface layer compared to the bottom layer, supporting a primary production sink. Furthermore, the bottom layers of the BuorKhaya and Yana bays area and the Laptev Sea Shelf have positive DDIP, giving that these areas are net producer of phosphate. The likely explanation to this difference is that the Buor-Khaya bay is very shallow (bottom depth o10 m), with possibility of light conditions supporting primary production even in the bottom layer. The Buor-Khaya and Yana bays area also have positive DDIN in the bottom layer and thus is a net producer of nitrate. This area has very special bottom topography with a lot of bottom depressions and stagnant water masses with low oxygen and high nutrient concentrations (Pivovarov, 2000; Nitishinsky et al., 2003) .
The summer net primary production (pÀr) decreases significantly from the small area of the Buor-Khaya bay to the larger Buor-Khaya and Yana bays area and into the largest area of the Laptev Sea Shelf (Table 4 ). This pattern is likely a result of the high supply of nutrients from the Lena River to the small volume of the Buor-Khaya bay compared to the relative nutrient supply to the other regions. The net primary production is also concentrated to the surface layers, as is obvious from the DDIP balances. The obtained net primary production rates are of the same order as reported Table 4 The balance of dissolved inorganic carbon, phosphate and nitrate, and system metabolism in the Buor-Khaya bay, Buor-Khaya and Yana bays and the Laptev Sea Shelf during the summer (July-Sept) of 1994 The surface water flux of nutrients from the coastal areas is an important supply to the central part of the Laptev Sea Shelf (Stein and Fahl, 2004) . These nutrients can either have a direct runoff contribution or gone through the cycle of primary production, sedimentation of organic matter, mineralization of organic matter at the sediment surface, release to the bottom water, followed by mixing up into the surface layer of the shallow coastal areas.
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The summer air-sea CO 2 flux is negative in the Buor-Khaya and Yana bays and in the Buor-Khaya bay, with fluxes of À1.3 and À4.7 mmol m À2 d À1 , respectively. However, integrated over the Laptev Sea Shelf it is positive, with a flux of 2.1 mmol m À2 d À1 . This difference likely depends on several factors, like different phytoplankton activity in the central part of the Laptev Sea Shelf and in bays (Tuschling, 2000) and high concentration of dissolved and particular organic matter (DOM and POM) in river water (Gordeev et al., 1999; Romankevich and Vetrov, 2001 ). Both DOM and POM can be converted to CO 2 through microbial activity, and thus increase pCO 2 in the water. Fig. 7 shows the vertical distribution of pCO 2 in the Buor-Khaya and Yana bays and at the air-sea boundary (Olsson and Anderson, 1997) . The profiles show that the surface layer is undersaturated (more so in the Buor-Khaya bay than the Yana bay) compared to the atmosphere, but with increasing pCO 2 towards the bottom, where a very high over-saturation is observed. This is valid even in these shallow bays area where mixing is expected to play an important role. Mixing of dissolved CO 2 from the bottom layer to the surface will increase the pCO 2 and thus contribute to a negative CO 2 air-sea flux.
Inter-annual variability of carbon and nutrient fluxes on the Laptev Sea Shelf
The inter-annual variability of the phosphate balance (DDIP) and differences of net primary production [pÀr] for the 16 summer seasons from 1963 to 1999 in the Laptev Sea Shelf based on the data of Table 2 are presented in Table 5 , 1997 Table 5 ), the year when a significantly larger data set was available.
Both the phosphate balance and the net primary production show high temporal variability over the period. The variability over the whole period, expressed as standard deviation, decreases with the aerial coverage, from 31% for the Buor-Khaya bay, to 30% for the Buor-Khaya and Yana bays, and 23% for the Laptev Sea Shelf, both for DDIP and [pÀr] .
Even if the variability is significant there is a significant trend in DDIP of À16.9 Â 10 3 mol d À1 per year with an R 2 ¼ 0.54 (linear fit of the data in Fig. 8a ) in the Buor-Khaya bay. The trend is less pronounced in the Buor-Khaya and Yana bays from where fewer data is available (Fig. 8b) , and for the Laptev Sea Shelf where the last years of the 1990s have an increasing trend instead of a decreasing as for the Buor-Khaya bay (Fig. 8c) . Over the same time period there is an increasing trend in the AO index (Fig. 8d) , which is paralleled with an increasing trend in the river discharge from Siberia (Peterson et al., 2002) and also more locally from the Lena river (Fig. 8e) . It is plausible that there is a link from an increasing AO index resulting in increased precipitation over the Siberian river drainage basins to an increased discharge and thereby an increased supply of nutrients by the rivers to an increased net primary production (more negative DDIP). However, this is only one of several possible scenarios.
Comparison with other Shelf Seas
Our computed air-sea CO 2 fluxes in the Laptev Sea Shelf are compared to estimates from other Arctic Ocean areas in Table 6 . It is difficult to make direct quantitative comparisons as our values only represent the summer season, while the others cover the whole year, including the seasons of dominating decay processes. Nevertheless the estimate for the Laptev Sea Shelf are of the same order as that of the Table 5 Phosphate balances (in 10 3 mol d
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) and net primary production (mmol m 1963 1969 1970 1971 1972 1973 1974 1975 1984 1985 1993 1994 1995 1996 1998 1999 Barents Sea, while it is significantly lower than that of the Chukchi and Bering Seas. The latter is likely a result of the high nutrient supply to this region from the northern Pacific Ocean. Also the air-sea uptake of CO 2 in Greenland Sea is larger than that of the Laptev Sea Shelf, but this is more likely caused by cooling of the surface water that supplies the Greenland Sea, resulting in higher solubility and thus an increase in the air-sea driving force. The low CO 2 uptake in the central Arctic Ocean reflects the ice cover, which hampers the exchange between the ocean and atmosphere. The only region with a negative air-sea CO 2 flux is the East Siberian Sea Shelf and this could be a result of dominant decay of organic matter, both of marine and terrestrial origin. Negative air-sea flux of CO 2 during summer condition has been reported from other shelf seas, like the northern part of the North Sea (À1.7 mmol m À2 d À1 ) also (Bozec et al., 2005) .
Summary and conclusions
A number of factors, like bottom topography, river runoff, exchange with surrounding seas, wind field, 1970 1975 1980 1985 1990 1995 Katlin and Anderson (2005) etc, effects the flux of dissolved inorganic carbon and nutrients in Arctic shelf seas. During the summer the surface layers in the Laptev is autotrophic and acts as a net sink of nutrients. The total nutrient budget shows that the East-Siberian Sea Shelf is a heterotrophic system in summer. Both areas are weak net denitrifying systems.
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Computed summer air-sea CO 2 fluxes gives that the Laptev Sea Shelf takes up CO 2 from atmosphere while the western part of the East-Siberian Sea Shelf have a small loss of CO 2 to the atmosphere. The CO 2 uptake from atmosphere into the Laptev Sea Shelf is 2.1 mmol m À2 d
À1
. This flux is in the same order as air-sea CO 2 fluxes in other Arctic shelf seas dominated by seawater of Atlantic origin. The CO 2 flux in the East-Siberian Sea Shelf is À0.3 mmol m À2 d
. While the total Laptev Sea Shelf takes up CO 2 from the atmosphere it is different in smaller areas of this shelf sea where the shallow water depth amplify the effect by bottom topography and the river runoff have a higher influence. The bottom layer of Buor-Khaya bay acts as a net sink of nutrients, while the bottom layer of the Buor-Khaya and Yana bays is a small net producer of nutrients. When the whole water column is considered, both areas act as a net sink of nutrient and are thereby net autotrophic systems. The calculated air-sea CO 2 fluxes resulted in that these small coastal ecosystems lose CO 2 to the atmosphere in summer, with the air-sea CO 2 flux being À4.7 and À1.3 mmol m À2 d
in the Buor-Khaya bay and the area of Buor-Khaya and Yana bays, respectively. Calculated phosphate fluxes showed significant trends with time in the different parts of the Laptev Sea Shelf, with the maximum changes in BuorKhaya bay, where the decrease in the period 1970-99 is À16.9 Â 10 3 mol d À1 year À1 . However, this trend is an average of a highly variable system, where the phosphate fluxes are different from year to year. The mean (7 standard deviation) in phosphate fluxes are À881 (7262) Â 10 3 , À1032 (7313) Â 10 3 and À2351 (7514) Â 10 3 mol d À1 , in the areas of Buor-Khaya bay, Buor-Khaya and Yana bays and Laptev Sea Shelf, respectively.
